Triosephosphate isomerase (TPI) deficiency is a severe glycolytic enzymopathy that causes progressive locomotor impairment and neurodegeneration, susceptibility to infection, and premature death. The recessive missense TPI sugarkill mutation in Drosophila melanogaster exhibits phenotypes analogous to human TPI deficiency such as progressive locomotor impairment, neurodegeneration, and reduced life span. We have shown that the TPI sugarkill protein is an active stable dimer; however, the mutant protein is turned over by the proteasome reducing cellular levels of this glycolytic enzyme. As proteasome function is often coupled with molecular chaperone activity, we hypothesized that TPI sugarkill is recognized by molecular chaperones that mediate the proteasomal degradation of the mutant protein. Coimmunoprecipitation data and analyses of TPI sugarkill turnover in animals with reduced or enhanced molecular chaperone activity indicate that both Hsp90 and Hsp70 are important for targeting TPI sugarkill for degradation. Furthermore, molecular chaperone and proteasome activity modified by pharmacological or genetic manipulations resulted in improved TPI sugarkill protein levels and rescue some but not all of the disease phenotypes suggesting that TPI deficiency pathology is complex. Overall, these data demonstrate a surprising role for Hsp70 and Hsp90 in the progression of neural dysfunction associated with TPI deficiency.
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Introduction
Glycolytic enzymopathies are severe heritable human diseases that result from specific mutations affecting enzymes involved in anaerobic metabolism. Familial triosephosphate isomerase (TPI) deficiency is an autosomal recessive disorder that manifests in patients as anemia, progressive locomotor impairment and neurodegeneration, and premature death (Schneider et al., 1965; Valentine, 1966) . However, the pathogenesis of this disease is not well understood. Previous research identified a recessive missense mutation in the TPI gene in Drosophila named sugarkill (sgk) that exhibits progressive locomotor impairment, neurodegeneration, and reduced longevity. Interestingly, these phenotypes are exacerbated by exposure to elevated physiological temperatures and TPI sugarkill animals exhibit rapid paralysis when acutely shifted to 37-39°C, the basis of which is unknown (Celotto et al., 2006; Palladino et al., 2002; Seigle et al., 2008) . In humans, inheritance of TPI deficiency is recessive and caused by several specific missense mutations. The most common homozygous human mutation, Glu104Asp, also exhibits a temperature-sensitive phenotype in vitro (Arya et al., 1997; Daar et al., 1986) , suggesting that the underlying pathogenesis in TPI sugarkill may be similar to human disease-causing mutations. Previous research has shown that TPI sugarkill is degraded and that animals have significantly reduced TPI levels after 48 h at 29°C (Seigle et al., 2008) . Furthermore, the proteasome, a large protein complex that destroys misfolded proteins, has been shown to contribute to TPI sugarkill degradation (Seigle et al., 2008) . Protein turnover mediated by the proteasome is often regulated by the ubiquitin-proteasome pathway (UPP) and the actions of molecular chaperones, a class of proteins that recognize and bind misfolded proteins (Bukau and Horwich, 1998; Frydman, 2001; Goldberg, 2003; Hartl and Hayer-Hartl, 2002; McClellan et al., 2005) . We hypothesized that TPI sugarkill interacts with molecular chaperones, and these chaperones regulate its turnover in a proteasomal-dependent manner. Molecular chaperones are involved in a variety of processes during protein biogenesis, including protein translocation, folding, maintenance of native conformation, preventing protein aggregation, catalyzing posttranslational modifications, and targeting misfolded substrates to the UPP for degradation (Becker et al., 1996; Fewell et al., 2001; Hohfeld et al., 2001; McClellan and Frydman, 2001) . The three main classes of chaperones are heat shock proteins (e.g., Hsp70, Hsp40, Hsp110, and Hsp90), ER lectins (e.g., calnexin), and thiol oxidoreducatases (e.g., PDI). Importantly, chaperone activity has been linked to several neurodegenerative diseases, such as Huntington's 
